Having psychometrically strong disability measures that minimize response burden is important in assessing of older adults.
D
ISABILITY associated with aging is a major issue facing American society ( 1 ) . Rising numbers of older adults in the population increases the burden of disability and has major implications for the quality of life of older adults and their families, rising health care costs and related resource utilization ( 1 ) . Understanding the process of disablement for older adults is critical for a wide range of stakeholders. Several important developments have advanced the fundamental tools available for this endeavor, including a theoretical model of disablement ( 2 ) , an international language of health and disability ( 3 ) , and improved measurement instruments ( 4 ) .
Traditional fi xed-form instruments have suffered from important concerns regarding response burden, inadequate measurement precision ( 5 , 6 ) , fl oor and ceiling effects, and administration of redundant or irrelevant items to respondents ( 7 ) . Short-form solutions have provided relief of response burden, with important limitations to measurement precision ( 8 , 9 ) and ability to measure clinically important change ( 10 ) . Item response theory (IRT) and computeradaptive testing (CAT) are promising contemporary measurement approaches adopted in the health fi eld in recent years to overcome limitations of traditional fixed-form measures ( 7 , 11 -13 ) . Item response theory and CAT-based Development of the Computer-Adaptive Version of the Late-Life Function and Disability Instrument measures have been shown to signifi cantly reduce assessment time compared with fi xed-form testing while maintaining good precision ( 14 ) . CATs require a comprehensive item bank that contains items representing the construct of interest from low to high levels of ability. A computer algorithm tailors the administration to the respondent by selecting items based on prior responses and can be programmed to stop once a specifi ed score precision or predetermined number of items is reached ( 7 , 8 ) .
The Late-Life Function and Disability Instrument (LLFDI) is a fi xed-form self-report measure developed to assess the domains of function and disability of community-dwelling older adults ( 15 -17 ) . In previous research, a prototype LLFDI-CAT developed from the items contained in the original fi xed-form LLFDI demonstrated promising psychometric properties ( 18 ) . However, because the prototype CAT was based on a relatively small pool of 48 items contained in the original version, we undertook further work to expand the item pools, aiming to improve the instrument ' s breadth and depth of measurement, particularly at the low and high ends of each scale. The purpose of this project was to develop and test expanded LLFDI item banks and CAT and evaluate their precision, reliability, validity, and effi ciency to assess function and disability in community-dwelling older adults.
M ethods
All study procedures were approved by the Boston University Institutional Review Board, and all subjects provided written informed consent prior to participation.
The World Health Organization ' s International Classification of Functioning, Disability, and Health (ICF) was used as a framework for organizing the new LLFDI-CAT ' s item pools as recommended by the IOM Report, The Future of Disability in America ( 1 , 3 ) . We modifi ed our terminology to describe the new LLFDI-CAT domains in language consistent with the ICF framework ( 19 ) . The original LLFDI structure and terms are consistent with the Nagi framework ( 2 ) , in which " functional limitation " refers to limitation of a person in performance of specifi c functional tasks and activities; the corresponding term in the language of the ICF is " activity limitation. " The original LLFDI uses the term " disability " to describe limitation in performing social roles and activities; within ICF the term " participation restriction " is used .
Development and testing of the CAT involved the following stages: item bank development, item bank calibration, CAT development from the calibrated item bank, and LLFDI-CAT fi eld testing and validation. Calibration involves administration of the items in the bank to subjects and estimating parameters characterizing the respondent ' s location on the scale representing his/her ability level and the diffi culty of the task presented by each item.
Instruments
Late-Life Function and Disability Instrument. -The original fi xed-form LLFDI was used as the foundation of the expanded LLFDI item pools ( 15 -17 ) . It includes a Function domain scale consisting of 32 items and a Disability domain scale consisting of 16 items that assess performance of social roles in two dimensions: frequency and limitation.
Veteran ' s Rand-36 . -The VR-36 ( 20 , 21 ) , a modifi ed version of the Medical Outcomes Short Form-36 ( 22 ) is a selfreport measure of health status that consists of 36 questions within eight subscales and two summary components: physical and mental. The 10-item Physical Functioning Scale of the SF-36 subscale (PF-10) was used to screen subjects for eligibility. The PF-10 assesses extent of limitation in 10 tasks on a scale of 1 -3, with raw score range of 10 -30.
To develop the new LLFDI-CAT item banks, we included all items from the original LLFDI and conducted an extensive literature review to identify relevant new items. We used the ICF framework to categorize these items, allowing us to evaluate gaps in content. We conducted two focus groups with nine older adults to elicit opinions about item content and wording and held two geriatric clinician focus groups. Audiotapes of the sessions were analyzed , and results were categorized according to content by ICF domain structure and compared with existing item content. Novel items were written to address the newly identifi ed gaps.
Instrument Construction
For the Activity Limitation content domain, questions asked, " How much diffi culty do you currently have doing a particular activity ? " or " How much help from another person do you currently need doing a particular activity ? " The response options include " None at all; A little; A lot; Unable to do; and Does not apply. " Respondents were instructed that currently means " how you ' typically ' or ' usually ' perform the activity at this point in your life " and that " Does not apply " means that " you do not do the activity for reasons other than your physical or mental health. " Questions in the Participation Restriction domain asked, " Because of your physical or mental health, to what extent do you feel limited in doing a particular activity ? " Response options included " Not at all; A little; A lot; Completely; and Does not apply. " Feedback from use in the fi eld and focus groups suggested that the limitation (restriction) dimension was most critical, and therefore , the frequency dimension of the Disability Scale was eliminated.
We conducted cognitive testing of the preliminary item bank among 13 older adults , so that each item was exposed twice to elicit their interpretation of the questions and to identify any questions that needed to be revised or removed. The fi nal Activity Limitation item pool used for the calibration study consisted of 158 items including 124 core items, seven gender-specifi c items, and 27 walking aid or wheelchair-specifi c items. The fi nal Participation Restriction item pool included 62 items.
Calibration Study
Subjects and s ampling p rocedures . -We recruited 520 older adults using advertisements in various media, and from Councils on Aging, senior housing, and geriatric and physical therapy practices in eastern MA. Subjects were eligible if they were 60 years of age or older, spoke and understood English, lived in the community, reported limitation on at least one item of the PF-10 ( 22 ), could provide contact information, and were oriented to person, year, and month.
Data Collection
Trained interviewers administered demographic questions and new LLFDI-CAT item pools to participants in-person or by telephone. They also administered gender-specifi c items as appropriate. Participants who reported using a wheelchair and/or walking aid answered the appropriate assistive device questions. Clarifi cations and probes were scripted for the interviewers.
Evaluation of Instrument Structure
Confi rmatory factor analyses were conducted using MPlus software, version 6 (Muthén & Muthén, Los Angeles, CA) ( 23 ) to assess the dimensionality of the Activity Limitation and Participation Restriction domains separately by comparing the results across different confi rmatory factor analysis models ( 1 ) : one-factor unidimensional ( 2 ) ; two-factor multidimensional; and ( 3 ) three bifactor multidimensional IRTs. Means and variance-adjusted weighted least squares estimation methods with polychoric correlation matrixes were used. The model comparison was based on a likelihood ratio c hi-square, the number of parameters estimated, and the following information criteria indices: Akaike Information Criterion, Bayesian Information Criterion and sample-size adjusted Bayesian Information Criterion . Lower information values indicate better model fi t ( 24 ) . To evaluate the model , we calculated several fi t statistics and compared them with acceptable levels as follows: chi-square test, comparative fi t index and Tucker Lewis Index ≥ 0.90 ( 25 -27 ) ; and root mean square error (RMSE) approximation <0.08 as acceptable fi t, and 0.05 as very good fi t ( 28 , 29 ) .
One important assumption of IRT is that of local independence. In a bifactor model , this assumption holds that a person ' s response to an item is only determined by the general factor and the subfactors. Once the general factor and the subfactors are controlled , there should be no signifi cant association among item responses. We checked this assumption by examining the inter-item residual correlations. High residual correlation ( ≥ .20) was considered as violating this assumption and showing local dependence. We interpreted inter-item residual correlations of ≤ .20 as indicative of acceptable fi t and appropriate attribution of inter-item correlation to the primary factor ( 30 ) .
Item Calibration and CAT Construction
We used bifactor multidimensional IRT model to calibrate the data. This model is a multidimensional logistic graded response model, as it estimates both the discrimination parameters and the ordered location parameters or diffi culty estimates for each item. The marginal maximum likelihood estimation was used to estimate the item parameters. The person scores for each domain and subdomain were estimated using m aximum a posteriori estimation ( 31 , 32 ) , scores were expressed in log-odds units, or logits, then transformed into a scale with mean = 50 and standard deviation = 10, lower scores indicating more diffi culty or limitation. For example, each respondent received a score for the Activity Limitation domain and for each of the two subdomains: Basic Mobility & Handling, and Daily Activities. Similarly, each respondent received an overall score for the Participation Restriction domain and subscores for each of the two subdomains: Social Roles and Instrumental Roles. Item fi t was assessed by the Z index, which is the standardized difference between the observed and expected log likelihood of response patterns. This was a one-sided test and under the null hypothesis, the z scores were distributed as a normal distribution, and the cutoff was − 1.645 ( 33 , 34 ) . IRT analyses were conducted using IRTPRO ( 35 ) .
We also evaluated the breadth of coverage of the item bank by comparing subjects ' score distribution to the item bank score distribution, which was created by mapping the item response category expected value onto the general factor scale. In a unidimensional IRT model, we could map each response category onto the general factor through the expected score. Because of the multidimensional nature of bifactor model used in this study, at each general factor score level the expected value depends on the scores at the subfactor level. We took the average of those expected values and mapped the average expected value onto the general factor score level.
CAT algorithms were created for each domain using HDR software (HDR, Boston University, Boston, MA) to be administered using a computer or web-based platform. In each CAT, the fi rst question was selected from the middle of the diffi culty range; maximum a posteriori estimation was used to estimate the subject ' s score and standard error; the item with the maximum test information matrix at current score level was selected; the program updated the subject ' s score based on that response and continued until the stopping rule had been satisfi ed. The stopping rule can be chosen as the maximum desired number of items to be administered or the level of precision as specifi ed by the standard error of the score estimate.
Differential Item Functioning
Differential item functioning ( DIF ) was examined in the calibration data using ordinal logistic regression ( 36 ) to evaluate whether the pattern of subjects ' responses was infl uenced by group membership, including subjects ' gender and age. The dependent variable was the response to an item , and the independent variables were participants ' domain score, group membership, and an interaction term between the total score and group membership. The analytic strategy was to successively add total score, group membership, and interaction term into the model in three steps, and the procedure was repeated for each item. The test statistic was the − 2log likelihood difference between models, which is a distributed chi-square with two degrees of freedom , and the effect size was the R 2 change between models ( 37 ) . The following criteria were set for DIF analysis: if the likelihood difference test was statistically signifi cant and the R 2 change was greater than .07 for one item, that item exhibited severe DIF; if the likelihood ratio test was statistically signifi cant and the R 2 change was between .035 and .07, that item exhibited moderate DIF; otherwise, values indicated negligible DIF ( 37 ) . The DIF analysis was conducted separately for each item in each domain.
Simulation Studies
To conduct initial evaluation of the new LLFDI-CAT performance, we used the calibration study data to compare characteristics of simulated 10-item CATs to the full item banks. The CAT selected questions according to the algorithm, and participant responses were fed to the CAT as they were selected, creating a score and standard error for each participant for each scale. We evaluated accuracy, precision, and conditional reliability. To evaluate accuracy , we calculated the correlation, bias , and root mean square error between mean scores generated by the CATs and those of the full item bank. Precision was assessed by calculating the standard errors across the range of scores for the CATs and for the items from the original fi xed-form scales. Conditional reliability was estimated across the scale as 1/[1+(standard error) 2 ]. Areas with reliabilities <0.70 were considered insuffi cient. In this paper , we report on the results for the domain scores.
Floor and Ceiling
We evaluated potential fl oor and ceiling effects by calculating the percent at the fl oor and ceiling using the response data at the participant level: if the participant responded at the highest category for all the items, then he/she was grouped at the ceiling, if the participant responded at the lowest category for all the items , then he/she was grouped at the fl oor.
Initial Field Testing and Validation of 10-Item CAT
To assess validity, test -retest reliability, and acceptance, we conducted a study in which trained interviewers administered 10-item LLFDI-CAT scales and the Veterans ' Rand-36 ( 20 , 21 ) survey to 102 community-dwelling older adults using the same recruitment and enrollment procedures used in the calibration study. Time to complete the instruments was recorded , and Pearson correlation coeffi cients were calculated to evaluate the construct validity of the new LLFDI-CAT scales relative to the VR-36 subscales. For a subset of 57 subjects, the LLFDI-CAT scales were readministered within 7 -14 days along with questions about the acceptability of the LLFDI-CAT. Intraclass correlation coeffi cients were calculated to assess test -retest reliability and reliability was considered high if r > .80 and substantial if between 0.61 and 0.80 ( 38 ) . We hypothesized that correlations would be moderate to strong (>.60) between the new LLFDI-CAT subscales and relevant VR-36 subscales (eg , LLFDI-CAT mobility and VR-36 physical function) ( 39 ) .
R esults
The demographic characteristics of the study samples are summarized in Table 1 .
Confi rmatory Factor Analysis and Item Calibration
Confi rmatory factor analysis revealed that the bifactor model with two subfactors in both domains had the lowest Breadth of coverage for the Activity Limitation/Participation Restriction item bank is illustrated in Figure 1 by plotting the general factor score distribution of the calibration sample opposite that of the item bank.
Simulation Studies
Activity Limitation Scale . -In terms of accuracy, scores from the 10-item CAT demonstrated r = .90 with the total item bank, a bias = − 0.30, and a n RMSE = 3.26. The 10-item CAT scores achieved a correlation of r = .87 with the original 32-item fi xed-form LLFDI Function Scale. In regard to precision, the Activity Limitation score standard errors were smaller at the middle of the scale than that at the extremes of the diffi culty continuum ( Figure 2a ) . The 10-item Activity Limitation CAT scores were associated with standard errors less than four in the score range of 15 -60. The standard errors of Basic Mobility & Handling and Daily Activities subscale scores were less than 4 in the score range of 20-50. Score precision of the 10-item CAT was comparable or superior to the precision of the 32 items from the original fi xed-form LLFDI Function Scale. Conditional reliability estimates were acceptable with 66% of the estimates demonstrating r = .90 or greater.
Participation Restriction Scale . -The 10-item Participation Restriction CAT demonstrated accuracy compared with the item bank of r ≥ .95; a bias: − 0.20 and a n RMSE 2.9 and a correlation of r = .93 with the original 16 items from the fi xed-form LLFDI Disability scale. Precision in the middle of the Participation Restriction scale was better than at the extremes, as indicated by standard errors less than 4 across the 20 -55 score range and less than 4 across the 20 -50 score range for the subscale scores ( Figure 2b ) . Precision of the 10-item Participation Restriction scale was comparable to that of the 16 items from original fi xed-form LLFDI. Conditional reliability estimates were acceptable with 60% of the estimates larger than r = .90.
Differential Item Functioning
In the Activity Limitation Scale , seven items demonstrated DIF, fi ve related to gender , and two related to age. Examples of those related to gender included " lifting 25 lbs . . . " and " unscrewing the lid off a previously unopened jar without using any devices. " Examples related to age included " reaching into a back pocket . . . " and " putting on a button down shirt/blouse. " In the Participation Restriction Scale, one item demonstrated DIF by gender ( " going to a sport, social, or other club " ) and two items by age ( " visiting friends and family in their homes " and " doing your job the way you want to " ). These DIF items were calibrated separately for different gender or age groups , and therefore, item parameters are provided by group ( Appendix 2 ).
Validity and Reliability Testing
Test -retest reliability estimates were r = .85 for the Activity Limitation Scale and r = .80 for the Participation Restriction scale. The strength and pattern of correlations of the new LLFDI-CAT scales with VR-36 subscales were moderate to strong as hypothesized ( Table 2 ). The new LLFDI-CAT scales demonstrated strong to moderate correlations with the Physical Component Summary Score of the VR-36 ( r = .73 for Activity Limitation and r = .58 for Participation Restriction) and weak correlations with the Mental Component Summary Score ( r = .01 and r = .07, respectively). We removed data from one participant for time to complete due to an extended interruption to the interview. Mean time to complete the two 10-item CATs was 7 minutes and 12 seconds compared with 13 minutes and 32 seconds for the VR-36. Responses to acceptability questions ranged from 90 % to 98% positive for amount of time required; understandability; importance of questions relative to function and disability; giving a good picture of ability to take part in daily activities and willingness to answer in the future. One person (2%) found questions upsetting.
Floor and Ceiling
Overall in the validation study, 40/55 items were administered in the Participation Restriction Scale and 74/141 were administered from the Activity Limitation Scale . There were no subjects at the fl oor in the calibration or validation study samples for the new LLFDI-CATs. In the calibration study sample using the item pool, 0.2% was at the ceiling for the Activity Limitations scale and 3% for the Participation Restriction scale. No subjects were found at the ceiling on either CAT scale in the validation study sample. For the VR-36 subscales 4.2% of the validation sample was at the fl oor in physical function. At the ceiling, by subscale, there was Physical Functioning: 2.5%; Role Physical: 11.7%; Social Functioning: 29.2%; Bodily Pain: 12.5% ; Mental Health: 7.5% ; and General Health: 4.2%.
D iscussion
The aim of this project was to develop and test a comprehensive CAT-version of the LLFDI by building and calibrating expanded item banks and to examine whether the CATs sacrifi ced or improved upon psychometric quality compared with the original fixed-form LLFDI. Simulation studies indicated that 10-item LLFDI-CATs based on the expanded 141-item Activity Limitation Scale and 55-item Participation Restriction Scale provided promising content breadth, accuracy, precision, and reliability, with no fl oor effects and minimal to no ceiling effects in a sample of 520 community-dwelling older adults. In the validation sample, each 10-item CAT took, on average, 3.56 minutes to administer, with no loss of measurement precision compared with the original fi xed-form instrument, which took 20 -30 minutes to administer ( 18 ) . Additionally, using the calibration study data to compare reliability of the new 10-item CATs with the items from the original LLFDI scales, the 10-item CATs had comparable or better reliability across the functional continuum. The 10-item CATs demonstrated strong test -retest reliability compared to results from earlier research with the original fi xed forms. The test -retest ICC for the 10-item Activity Limitation CAT in this study was r = .85, and that of the 32-item Function Scale in prior research was r = .96 ( 15 ) . The 10-item Participation Restriction CAT demonstrated test -retest ICC of r = .80 compared with r = .82 for the 16-item Limitation subscale of the Disability Scale ( 16 ) . This indicates that the reliability of the CATs remains high relative to the fi xed forms. Field testing of the new LLFDI-CATs revealed that they were acceptable to older adults and demonstrated good test -retest reliability and concurrent validity compared with the VR-36.
The new LLFDI-CAT meets several criteria suggested for assessing disability outcomes in older adults including a conceptual basis (ICF), brief administration time (3.5 min/scale), strong psychometric quality, and high acceptability for older respondents ( 40 ) . CAT instruments have the potential to allow researchers and clinicians who work with older adults to achieve highly effi cient patient-reported disability assessment without loss of measurement accuracy, precision, or reliability. Using responses to the full item banks compared with simulated CAT provided a unique opportunity to consider the most fundamental performance characteristics of the 10-item CAT, and CATs have been shown to offer strong measurement properties combined with a conceptual basis for understanding the disablement process. Earlier work to develop a prototype CAT for the original LLFDI demonstrated promising precision; however, when compared with the results from this study, the real data simulation results demonstrated lower standard errors across much of the score range ( 18 ) .
In the original version of the LLFDI , there were two dimensions of Participation Restriction represented: limitation and frequency. In the new LLFDI-CAT, we limited the Participation Restriction Scale to perceived limitation, in large part based on our conceptual defi nition of participation from the individual ' s perspective, combined with feedback from the fi eld that the perceived limitation was most critical to the measurement of participation restriction. Hammel and colleagues ( 41 ), for example, addressed the diffi culty in using set norms or frequency of performance as a measure of participation in their investigation of the meaning of participation for persons who self-identifi ed with disabilities . Although Hammel ' s study supported a much broader concept of participation than is represented by the new LLFDI-CAT, it provided important insight into the issues involved in measuring participation from various perspectives and supports the decision to focus on limitation in participation from the perspective of the respondent rather than to measure frequency of participation. This decision was also partly due to practical considerations involved in determining how large an item pool could be administered to the calibration sample. Because calibration could involve administration of each item in the item bank to each participant , focusing on the limitation dimension allowed us to expand the range of content in the Activity Limitation and Participation Restriction domains.
Strengths of this project include using a conceptual framework to guide instrument development, eliciting input from stakeholders at every step of the development process and the range of physical functioning represented by the samples. Limitations include underrepresentation of ethnic and racial minorities. Although real-data simulations may overestimate the agreement between CATs and the item banks, they provide a reasonable estimation of the performance of the prototype CATs. One challenge in developing large item banks is to include unique items that cover the full range of abilities and represent relevant content without violating assumptions of the measurement model. We removed items that demonstrated local dependence from the item banks. However, some items in our banks demonstrated DIF due to gender or age, meaning that responses were related to gender or age as well as diffi culty. One approach to this problem is to remove the items that demonstrate DIF. We chose to keep the items in the instrument to preserve the coverage of content and calibrate the items separately by group.
C onclusions
This study reveals that CAT methodology can be applied successfully to assess patient-reported disability by older adults, reducing the time required for administration without loss of accuracy or precision while maintaining acceptable levels of reliability and validity. Although further work is needed to assess whether the markedly expanded item banks confer superior ability to measure change, these results suggest that the CAT approach offers a viable solution to the long-standing confl ict between the need for accuracy in outcome assessment and the equal need for practicality of administration.
A ccessing the llfdi-cat
Access to the LLFDI-CAT for Windows can be obtained at the Health & Disability Research Institute: http://sph.bu.edu/HDRI/outcome-measures/ menu-id-617525.html , or at HYPERLINK " http://iTunes.apple.com/us/ app/latelife-cat-for-iPad/id496103142 ", or search for "latelife" on the Apple IPad 'App Store.'
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